oa ^^^^ , liiiiiiiiiwiiiiiiiiiii 



ati tati.m»t^nmtt^mis n»-^ u (k -^ocm \u mk mn mv^ m\ nx m so \/ om 

ni n\ mxmi st- sasfi. sa.sK. sy. tl im 
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!i Sny»ritioni mlates to a method of mcombinan^ 
pjoouc-rg a g'uco&mvase said metjod comprising ths st^ of 8>^press!ng a ooynuaoo^ 
encoding a po ypeptide havirig gtucoam^^a©© acMiy (E,C 3 2 1 3> r> a fi anentous ^ungas 'ir-st 
eel!, i,vno;e>r v^o poiypoptide ccs^prsses an $mm m4 sequenos vft?'iso*i at vr.a.^: /O'-'^, 
S Ki^nt cai. preteraoly at teas! 75%, or at least 80%. (sr at least 85%, or 90%. or at leas; 95% o' 
even at feast 98% Identical, to the sequence showf> s> positions 19 to 471 (both Incl) of SEQ 
ID NO: 2. 

A gfusoamytese oT 4tfts^ ks^S, the «mino acid sequence «f v« 

i. Is almost identical to «ie one shown In SEQ ID NO: 2, except for on« 
10 am^o add residue In fjoeitfon IIS of SEQ ID NO: 2. which In the t 
Serine, whereas in SSO ID NO; 2 ft is a Prt^lna. Tha annotatlcm of % 
i 1-1S as a sigi 




2 



poiynucteotfde shown in positions 1 to 2325 of SEQ iD NO 1, (u) me cDNA or Intmn-lree 
pDlvnucieollde containeci between nucSeotides 1 to 2325 of SEQ ID N0:1, (m) a subsequence 
of (t) or of ax !east 100 nucleotides, or (Iv) a comptemenlsry sfrand Ql (Ml or (iiiK (b) a 
variant of a poh/peptide having an amino add sequence of SEQ ID H0;2, sasd vananl 
S compfisirvg a substitute, deietton, 3nd/or m^rtkm of one or mom amino acids; and (c) a 
frag«ient of (a) or (b) that has giiicoofny,dse f?ct.v^y, v/tiereby a % <le)toe (DX) vaiua of at 
{east 88% is achieved at 30% w/w (g/ 1OC9 dry manor) substrate omcentm-^n at 60^C, ttio DX 

third aspect, tie Invento relates to a fjiatrontous fungai host «efl compnslng at 
10 least one oc^y of a polynu(^otide mc&m a jsoij^tide having gJucoamylas^ activity Cg.O> 
3.2>1J). said pdypeptide comprlsaTg an amino add ssqusr^cs vwhfch Is at le^t 70% k 



19 to 471 mm m.) of SEQ m m: 2. 

I of: <a) a p<%poj)&Je encoded t>y 
«thCi)ti 

s 1 to 2325 of SEQ ID N0;1, P) the oONA or Ji 

5 1 to 2325 of SEQ ID H0:1 , (lif) a subsequence of (i) or m <^ at 
, or m a cojT^lem^^ strand of ^1), or (1% (b) a variant of a 
^ arofe^ acid sequence of SEQ ID HQ'X said variant oon^rlslng a 
fi of one or amino ackte; and (c) a fragment of (a) or 



In a forth aspect the : 

f (e.a 3.2,13) in a i 

ethanoilbrtiieiordrNclnge 
lermentatksi process for p 

30 of st^ for extrusion. In compost and bksloglcal waste ^at*mnt, in the purification of plant 
J in oo^nstics and phamiaceuticais, In th® tiakl?^ Ifidtistty, In the 
productloft of pet food, wherein ttie polypeptide oomj^ises an anfisno scid seqyenc© which Is at 
lea^ 70% yentioal. peferab^ at least 75%, or at least 80%, or at least 85%, or 90%, or at 
least 0S%, Of ews at least 08% Identical, to the sequence shown In posfes 19 to 471 
35 lJid,)<^SEQiDNO:Z 
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The ton "gluooamylase Bcmf is defmed h^m m a steo t,4-^!pria-gfua>sldase 
tMiich hydrolyses the i^m&mi 1,4-flf5kad alphaMD-gSucose msMues succassivfely fmm iKsn- 
mdudng emls <^th0 tmm witi mi&m& of beia-0«gittam belonging to ths Emynw Cfess EC 

S 3,2.1.3. For purpose of Ih^ present invientfon, giucostrnytssQ activity is <l©ler?T}fnacS accof^ln^ 
to the procedure described by Fagereiiotrs and KMner, 1995, Boted^nd. Appt Shchem. 
21: 223-231, Wtme ^ giucose produced by the glucoamyiase from 0,1 M maltotriose Is 
rneasured usln^ a GO gfucose oxidase assay iOt ^Sigma Chemical Co., Si. Louis, MQ) at pH 4, 
25*0, One unit of giucoamyiase activity Is d^md as 1,0 ^mioie of glucose p5X)duced per 

10 n«nuteat25*C,pH4, 



mrMLm nmcmFmu of rm mEwnon 

\n a fi 



ates to a mei 
jtep of expres 
3,2.13) in a fi 



even at teast m% ki«n«cal, to m sequewe shown in positions 10 to 471 ipm \ncl} of SEQ 
20 10 mi 2 {f,e, the mature polypeptide), at least about 7S%, pr^feratjly at least about 80%. 

at ie^aet abcHit S5%, and ewf) n?ost prelerably at lea^t about $7% identfc^ to ti 
shown in posftlcms 18 to 471 (boti ind.) of SEQ ID NO: 2. Ti^ f 

^^^5 hsve sn sm&KO stsSd ^et^uencG which differs by 8v® srftfno af^ds^ pf^fsrafeiy by four ^n^no 
acids, f?5ore p^i^^bly by Uir©® amino a<^9, sven mcs^ pfefsrsljly by asnino acids^ snd 
most preferably by one amino acid ftom amino adcte 19 to 471 of SEQ ID N0;2« For purposes 
of tl^e pmsent invention, the degree of iden% betvmn hm amino add sequences is 
detemiiJi^ by the ClustaiW method ( Higglns, 1 m CABIOS 6 : 1 51*153; Thompson & t^L, 
30 1S04. M0h$ Acids mmart^ 22: 4e?3-468(^ Thomf>son a/., N«cfeic^0?dS 

25: 487^4382) using the USERGEME"^* MEOAUiSN^' sofha^m (DNASTAR, inc., Madison, 
Wi) With a blosum weight matrix and gap extension penalty of 0.03 to 0.05 and the foiiovssn^ 
? 10 and gap tengt? pmd^ of 10, Palfvsfise 



3S Pref©rat^, the polyp^tides of th@ preset inv0n& 

sequence of SEQ ID N0:2 or an aiieiie variant thereof; or a figment thereof that has 
In a preferred ewbodinient, tlie pol^^>eptld^ of ^e i^s^t 



5 amaio add sequence of SEQ JD NO:2. In another pT&fmm4 
I the polype^&}0 of m wm&fA immnm compnsss ami?io aoHs 1 9 to 4? 1 of SEQ 
ID H0:2, m m alieSc variant ttweof; or a fmgmsnt fiismof that has glucoamyfaso ^activity. In 
mmrn prnfemd mt^xmtmnt, *e polypeptide consists of amino acids 18 to 4?1 of SEQ !D 
S I^O;2 or an allege vartanl therec^; or a fragnwvt {hereof that has glucoamylaso actjwly. 
soother ps^^rrsd ^fnbodiniQnt, the polypeptide of the present Inventlo?^ consists of ti 




as p-«ferafely very h igh s trfr^ney ccsidltlons with (i) t he pt^ynudeotkJe s h 
2326 of SEQ ID N0;1, <li) the cDNA or Intmn'^me j 
1 to 232S of SEQ ID N0:1, (B) a ? 
, or 0v) a Gonpletmntafy strand of <t), (li), or (m)] (b) a v 
eqimm of SEQ ID N0:2. said \ 
30 deleSon, and/or insertion of one or mom an^no acids; and {<:) a figment of fa) or <b} that has 
Y (X Sanibrook, EF, Fritsch. and T. Maniafos, 1989, S^ct/fer mnm A 
h 2d edition, Coid Bpm Harbor. New York), The mjbsequence of SEO ID 
HO'1 lifMy he at least 100 nucieoSdss <x pref^retljly at least 200 nucleotides, ^OiBso\^r, ^e 
:^bse(^uence niay enoode a potypepiide lra0nf>ent which has giucoajttylase actlvi^v The 



5 



lim nmm acid Mquence af SEQ ID NO:l or a subsequei 
add sequsncB of SEQ ID N0:2 or a ft^ment ihereof, may be used to d 
add probe to idenSfy and clone DhJA encodtf^ pc%p«ptld©s having giucoamyia^e activity from 
Mm of dtffemnt genem or spedes accxjftling to methods well taiown in the art. Sn p 
S sud> pfobss can i50 ys«d fts" hj^^ldlzatkHi vs?fth ^ genomic m cDi^ of the genus or spedes 
of interest Mhwrngt standard Soufti«m btoUing procedures, in at^&r to ic 



but should foe at least IS, p 
s in length, loiiger pnobes t 
10 used. The jjrt)bas ar« typically labeled ford 

% ^^S, UioSn. or avtdin). Syoh pmbes am ©ncompassad by tim p 

Tlius, a genomic D^^A or d5MA fibraty prepared ftom suc^v other osganssn^s may I: 
eaeerjed for DMA which f 





i nucNo add pmbe is SEQ iD NO:t in another pmferred ^ 
m is the niati«« pdypeptkie coding region of SEQ 10 N0:1 , 
For for^ <Jf at least 100 nudeotkies in iengt*>, very low to vefy ftlgh s 
conditions are deHned as pmhybNdiaafion and hyhridkaficm at 42X in SX SSPE, 0.3% SDS, 
38 £00 itgfel sheared and denatumd salmon spemi DNA, and either 25% S 

fcs- high and very 





r long probes of at ieast 100 nudeotldes in length, the carrlsf trnt^m Is finaiiy 
imes each for 15 mmutea using 2 x SSC, 0,2% preferably at least at 4WC 
(very low stdngens^), mor« preferably at iaast atSO'C(lowstnngerK^X mompmfer^at 

^'atieastat60*C(i 
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S hy!?nd{3s8on at about 5*C to about 10*C tjelow tha calculated uss'ng Ino csicsiMion 
m^mm to Bmm and McCarthy {1962. PmcBBdmgs of the. National Acad&my <^Saimces 
USA 40:1390) m 0.9 U NaQ, 0.0^ M Tris-HCI pH 7.6, 6 mM EOTA, 0,S% NP-40, IX 
Derthar<ir« muWm, 1 mM sod^ian pyraphosphate, 1 mU sodium monotja^ pJiosphata, 0,1 
nm ATP, and 0.2 mg of yeast RNA per rri Ibitowing standajxf Southern bJolSng proceduFes. 

10 For short ptdtm whfch am about IS nuctej^es to about 70 nudsoid^ If^ length, tl^o 

carrSar materia! is washed once 6X SCO pkis 0,1% SDS i<x 15 mfriutes twice each f<r 
IS minutes usins SX SSC at §'C to 10*C b^km the calcined T«t. 




ifnjKssltfonsI to la (both 



8 Of at teast 2 amino ackJs. it may also 
add sequence wi^lctt Is at lesasi 95% Idanilcal to ttia s^u^< 

In a pfef^red embodiment, tha presafit ffivention relates to v 

The amino acid sequences of the variant polypaptides may dto Imm ti 
saquaj^ce of $E0 ID i^0:2 or the n^fere poiypepttde thereof by an Jnsemm or d 

dilfareRt amino acid festdues, l^afefabiy, amirto add diangas af'e of a p 




(glycfee, &\mim, ssrm% thmonirw and methionine), 
geiismlly alter ttie spBdfic activity are kno\w m the art and are described, lor ej^mple, fey H. 
S Hmm^ and ai. Hi, 1979, fn. The Pfotmns, Academic Press, New York. "Hi© mosi 
commor^ly occurring exchanges are Aia/'Ssr, Va!/lte, Asp/G!u, Thr/S^, Ala/tSly. AlaH-hn 
Ser/Asn. AlWaJ, Ser/GJy, Tf/P^s, Aia/Pm, tys/Arg, Asp/Asn, I 
Asp/Oly as wi^i as these in reverse. 

10 ifunHifKKshenrsi;^! ki^ntits^ <^ pstrtigl litnnniUitioch^^lcdl id©ni|i^ to the pofyp§|j?lcfe living tli^^ 
B d SEO ID H0i2 or the matum fx^ypsptide themot Iti^ sr 





5 or bind to epitopes of tt 
s of SEO 10 NO:a or the mato© |>oiiW«<ie ^Hei^ am |»«p>arB<l Isy 
5 (or oVtm rod^ts) acccsrding to the procedisB desoibed by Hastx^e and 
Ingii, tn N.H> Axelsen. J. and B. Weeks, eaftors. A Mmml of Qmnmm 

0 PuUmkms, 1073, C^ter 23, <^ Johnston© and 

in 

20 spadfi<^i!y pages 27-31), A potypeptide hawng irramunoohemlcai kfenS^ Is a f 
1 in m Mmnm fashkm such as total f uato of ^ 

I a i 

(, A furtl^er explanation oT imnwochemtcal {d8n% Is described 1:^' 
Axelsen, Sod(, and KraS, N.H. Axelsen, J, i<r«ll, and B, Weeks, editors, A Manmi of 

A polypeptkie havlrsg partial immimoctiemic^ Identity is a f 

In a paiHaiiy kienticai fashion sych s& mm\ fusion of p 



S to the imttKJds of E. Harlow and D, lane. € 
^4n0f)od^, 4 lalJomloo' M&nu&i Cold Spnng Hattor f^ss, Cold Harfecr, Yoric, 

The pobfueptides of the presant invention have at laast 20%. pmferabiy at least 40%, 
tmm prelaraNly at least aO%, even mor© prefefabfy atleast80%, even m<TO pretferablyat 
(east 90%. and most preferatjly at least 100% of the glucoamj^ase acSvl^ <sf the mature 
p<%peplldeofSEOIDMO:2, 




S 
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\V0 2<HM'liUi8 



Tivalavia lymuia, Ttaeiavh'i c^ios^'O^ra. 



In a more iisieferrsd ernbodiment, Ih© polj^eptide J§ $t Aftw^f^ toH^ polypepHcl®, 
ofypsptjcfe with the amino acid sequencse <rf SEQ ID mt2. 

il Will be understood tfiat for n\B aforementlonsfl speci^§, the inwntlon encompassas 
the perfect and !E"rtperfect staJes, asid oJhef tso^OfiOftiic ^uit/atenls, 0,g.i ansfvsosphs, 
diess of the species name by which they are known. Those skilJed 5fi the art wsl madly 
the kjfentity of 8pproprist# ©cjulvaienfe. For eKastpfej t^^cof^jtnkf 8C|uivsi6?its of 
are ttefined by ^tergatvJones, 1074, C&rmmn Joum&i 
ef a/„ 1996, M/colog/a 88: 369-38, For instance, the frr^ed form of 1 

(ATCC). I 




vsell N«own in the art. The nucteiG add saquance may then be derived bysinris 
§enOTic or cDlsiA fibrary of another miesfoofiganism. Once a nucleic add sequerice mKsding a 

mmm techr^ques m(M ara known to those of ordinary ski tn the art (see» e,g., Sa?rteok 

of other mn-glMcoarr^se polypeptides, at least about 20% pure, prefeml^y at least 
30 ^botit 40% pure, nsore pref^sfably ai)otit 60% pure, even ttrore prefsrat^ about 80% pyre, 

f about 00% pufB, !§s detentiif^sd by 



poiypeptidas or cleav^e fusion p<%peptldes in ^Hch another polypeptide Is fused at 
the N»t8f rrtintis or th© C-terminijs of tiie polypeptide or fragrr^ent thereof. A lus 
Is produced by fusing a nuoielo add sequence (or a portion themof) en< 
pdypeptlds to a nucieic acid sequence {<x a pwtjon ^lereof) of the pr© 



Teclinfqyes for producitig fusicm polypeptides am known m the art, and include isgaling the 
codlsig sequences encoding tie polypeplkJes so thai they arB in frame and Siat exprassiofi of 
m fus&d ^^mptm Is under <mm of the saa 



The pressnl Invention also ft^Eatesto l« 
v»?hldi aicode a polypeptide of the present Invento. In a i; 

seqiienc0 Is set forth sn SEQ m N0;1. {ti anotter preTei 
sequence Uie mature poiypepfsde codlftg r^ion of SEQ N0:1 The present Invenlfen also 

mqamm of SEQ ID M0:2 or the mature polypep8ds themof, wNich differ frwf? m HOii 
by virtue of the degenej^ of the geneiic code. The present invention also j^lates to 
of SEQ ID mii wNch encode fraoments of SB3 ID H0:2 that have 



IS A ^i>$equ«nce of SEO ID N0;1 Is a mKSfeIc add sequence encompassed by SEQ ID 

H0:1 axcept that one or mora fiudeoMas from the S* ^xi/^ 3* ©nd have been { 
s at least 1650 r 
yet least 1737 n 
The present ftiwntlon also mim to a 
20 <me fmmm In the mature poiypepiide coding sequence of SEQ ID H0;1, In ^a^IcIi the mutanl 

1DN0:2. 



p^^peptlde am known In ^ art and Include Isc^tim fmr« gencsnlc rm f 
2S cDNA, or a comb&i«tk>n thereof. The doning of the nucleic edd sequences of the pmsent 
invention fmm suoh genomic DNA can be efFeded, e.g., by i^lng the well kmm polymerase 

turns. See, e,0., Irmi$ et a/,, 1990, PCR: A (SuMb to 
i Press, New York. Other nudeic add ampiificsSon 

nudeic add se<fuence*based arji^iflcatlon {HASBA) may bs used The nucfeic add sequence 
nw he dor?ed torn a etfsin of Thhlavh, Amm, <^ another or related oj^anism and thus, for 

Ion of 8 



The tem^ ^Isolated nucleic add sequence" as used hemin refers to a nucleic add 
seqy^ which is essenti^iy fme erf oMier nudeic add ^quences, e.gf«. at least about ^% 
pu?i©, ppefers&ly at least ahout 4Q% pure, more prel^fably at feast about 68% pu?e, even mioie 



11 



wot 



preferably at teast about ao% pure, and most pmferabiy at feast about 80% ptm m 

be iiiMmd by standard donirtg pm<Mim& used m geneifc engineering to miocate the nucleic 
mlti seqsBncs from Its natural location to a dimrmt sit© where It m\i be reprodUiXd, The 
§ €teilftg procedyres ^nay involve excision md ist^ticKi of a desired nucleic sdd fragment 

sorporatton of the r«(S)mislnant vector Into a host csli v 
copies or cIqubs of the nucleic «ckl sequence will i^pilcaled. Th® r 
may i3e of genomic, cDMA, fiNA, semisynttselte, sprthetic origin, or any c 

f to the mature polypeptkte coding sequence of SEQ ID N0:1 of at laast about 7B%, 



mz, Proceedings t^me National Academy of Smnce USA SO: 728-730) using ite 
hmm (mmrm, Imx, Madison, Wl) with an Umttiy m& 
aiJgnfnent parameters; Oap pertafty of 10 and gap length pm&ify frf 



f about 9S%, and most 



inve?#>n may be necessary for tlie 



basis of the nucleic add sequence presented as the polypeptide encoding part of ID 
HO;i, a>0„ a $uljseciuence tJ^ereof, and/or by ir?troductlOh ol hUCfeoSde substltytions which do 
not give rise to another amiho a<^ sequence of the polyp^m encoded by the nucleic at^ 
sequence, but vs^lch corresfjcmd to the csodon usage of the host or^nism Intended for 
30 prody^lon of fte or by 9i^u<^ of nudec^lde st^jstMons whleli may give rise to 

ad liferent a mif^o a «ad sequence. Fora genera! description of nudeotslesubsituSon, see, 

It wig be apparent to those skilled in the art that sych substitutions can be made 

35 polypeptide, Amino add resklues essentiai to the actMty of the polypeptide en^sodad by the 
I <rf the Inv^tlon, and therefore pj^feifatJiy not subject to 
3 to procedures known In the ait mdi as site«difected 
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anafysss, crystailography or photoaffioity mmng (see. de Vos ©fa/., 1882, -J 
3C56-312; Smith 0taL, 1892, Journal of MdBcatar Biology 224: m-m; Wloctever ©lal,* 1992, 
FEBSlj^mrs 309: 59-64). 
10 The present Invention also miates to isolated nticlsic add sequences encoding a 
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IhB present Inv^ntto also relate^s to nyqtelc add constucts compj1sjn§ a nydeic a&'cE 
se?|uerjce dt the present inver^iksn (^&bly linked to m& or mom contml Bmmmes wHch 
dk^Ql Ihi© 0xp}Bssiort ^ fti© coclin^ setiuenc}® In s suitsMe ho^ cs8 yndsF concisions 
6 a?rnpaSi>fe with the control sequences. E)pies$iw wiU utv^tm^ to indwde any step 
t In tie produc^on of the polypeptide Including, kJt not mm to, t 




t of a 00 

n sequence of its protsin product The boundarfes of & genon^c coding sequmce ^ 
dete^^ i>y a stjosom© bindlig slt^ (proKaryotes) or by the ATG start codon 
located Just upstream of the opm reading Imms at the 6* end of the mRNA and a 

fnRHA, A doding setjuenoe can Include, but ie not limited to, DMA, cDHA, and recortt 

20 



An Isolated n udeic a dd sequence e ncod»>8 a polypepSde of the pmsmi i : 
B manlpuiated In a variety of ways to provide for expmselon the 
of the nudeic add seqsjence prior to its insertion Into a vedor may be 

188 utIllzInQ rBcowbinsnt ONA ntethods are well kRo^iW In the art, 

for the expression of a polypeptide o? the pfos^t invent!* 



of 
cc 

3§ Is 



[uences may be provided with Mkm^ for the 
es fecHl^tin§ li^^on of the contf?^ sequencfes Vi?lth the 
jence encocNng a poiypeptld®, Th® i&t(ti ^operably linked^ 
In whlcti a control sequence Is appropriately placed at a 
fice of tii0 DHA sequence such that the cmm mqumm 
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i^^n Hi^anum oxysporuni t-yosr-JfKS ueas:, a^d 



i may also be a signal peptide oDdlrig region that osdes an 
i to tie anno termnus of a potypeptide a x\ d reels the encoded 
polypap^de into fits cell's secmtory patfiway. 1 he §* end oT the coc*fng &&q..«"ce of feie nttcJetc 
acsd ss^yerce ms^ intwsn^ contain a signaf peptide cocing region naturally Hnked in 
tra«siallc«i reading frame wife the segment (rf the coding »ogic i whidi anoodes ♦ho sec^ted 
polypeplide, AltefiRStivs^j^, tine $' etid of the codtng ss^ueftce rnsy conten a sigoai {)«ptiu« 
coding region whic^ }s f<^ign to the coding sequence. Tfie foreign ssgna! peoto'e foJ r-y 
$ the cod r>g sequ^ce does not natt ra iy certain a Sfyr^ i p^jMe 
rta! p0p^d0 coding region wsy s!f?iply replaco the 
n in <^der to ednmm $0Gm>n mi 




iing mgbn Is nucleotktes 1 to S4 of 
adds 1 to 13 of mo ID N0:2; pt^ferafeiy th© sigrist peptide 
whidt ts at ieast $5% identicai to the sequence shmm m 
J 1 to 18 (both inci.) of SEO ID HO: 2, 

The contm} sequence may also ije a jsropeptlde coding region that codes for m an^no 
mmis of a pdypeptkte. The resuttant polypeptide is 
(or a KyiTKjgen in some cases), A |Hop<%peptKle Is 
anid osin be converted to a mature ecSve jsoiypep^Sde by catalytic or 
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The t^i^jeting sequence can be mMn m 
tho g&m, within an upstream gene, or upstream and at a distance from the endogaiotis 
g&m. One or more Jargfeting sequerjces can be used. For example, a circular ftemtd or DNA 
fr^ment preferably employs a sinsto targeting sequsncs, whSt^ a linear piasmid of DMA 
S fragmsm preferably employs two iafgetimj s 

Tise regulatcry seciuenc^ of the cons^c^ csn be comprise of one or s 
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y of hmx-jio^txis remmblnatfon. The I ntsgra^na! element may be any sequence 
that (s honndogous mXh the tejgst ssqusnce in t?e genome of me host eel Furthenrwe, t}>e 
IntegratlonaJ etements may msrvencoding m mtxdhQ nudeic acid sequences. On the other 
hafKl, the vector may feit^gmtsd Into the genome of the host cei! by f 



n the host celt In qu©stlon> The ^^5a1~s^us««e 

mm than one w of a md&h ackl sequence of the prosont lnvs«tlon may he 
10 Ihserted Ifito 8ie host osil to Jrjcrease producSoa <rf aie gene p«)du<± /»n tease In copy 

copy of m sequence Into 8^ host mli genome or by ln<^yding an ampllable selects 
marker gene wtlh m ftudelc sequence where ceils contaming a mpiiSed coj;»e$ orihe 

The procedures used to iigate «^e etements desoibed above to cs^trud m 
(see, e.g,, Samferook ef ^L, tW, su^sm). 
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tcoamj^se polypeptide of the iriventlon. vs^ich sr^ g 
production of the p<%peptkies. A vector comprfeing a nucleic acid 
fmmm m Introduced Into a host ceil «o that the vedcr Is ma&jtained 
or as a se^-r^ik^ting extra-dircswsornai ^-edicsr as descrlhed 
enc(smpasses any progeny of a parerit cell that i§ not ide^tlcai to 
ins that occur dtsing reii^icatlon. The dioice of a host cell w8l to « 



tea 



ice of 

. The 



, «^e host oe8 is a f 



by Hawksworft et &L, /i?, 4fif?si*oftfi and S^sdy^s (^otiof^fy of The Puf\0f Sth edition, 1^6, 
CAB Mematlonal. University Press, Cambrk^, UK) as w&ii as the Cksmycota (as dted in 
Hawks^'Ofth M bL, 1S§S, siipa. page 171) and all mltosporSo fur^i (Hawlcsworth ^ a/., im 



III filamentous forms <^ the < 
W M s/„ supra). The Mm 
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composed of mm, ceSiuios®, giucan, chio$an, manr^n* and 
Dv/th is by liyphal ' 
in contrast, vegetative grm^h by 

In an mm more prefeired emfeodlrr^m. 0>e fsSamentous funga! h»si eel! Is a ce!i of a 
species of, but not limited to, Aa^monlam, Aspergillus, FusQrium, Humscoh^, Mucor. 





1989, Bom 78: arid WO 08/OO7S7. 



The 



the step cfT expressit 
<E.a 3.2.13) in a fi 



m 
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) grain ts misd m order to open up Ihe stucto and 

S and dry milling, Pr^rerred fqr ethano! pt?ductlon dry misng \vh8r« the whoie kemei Is misd 
and used m m rmmnmg part of Ihe process. Wet miing may also be used and gives a good 
separation of germ and mea! (staroh gmmm and protelfi) and Is vm s few exeepSfc^ 
igppSed at locations whsre ther© ts s jjsfaii^l production of syrups^ Soiti dfy stnd fjiillSng 
mi kmwn m the art of, e.g., ethand produdjon, 

10 



in m embodiment of the i 
I law mafenai is i 
n 4. 1 

IS a«^e trealmesl, in i 

below. h^r(%^s us6d ski a llfnited basis. The raw ttiatenal Is in on& e 



ly of a DE 

^byaipha- 



20 step hot siuny 



©ntoftheli 

m Mded. Then slurry is jet-cooked at a t 
125*C to cofflpleie geianftlxalion of Ihe slurry. Th^r^ Uie slusty i« co<^d to 60-9rC and n 
enzyme<s) is (are) added to nm\\w$ hydf<%sis {secondary liquefaction). The 
pttscass Is cartfed out st pH 4.6-6.5, lr> partoiar at a pH between § and 6. Milted s 





from a strain of »^ Baoms sp> HCm 12288, NCIB 12512, mm 12613 or DSM g37S. ail of 
35 wWt* ars descrtbod In d^t^i In WO 05/26307, and tt» elpba-amj^ase desollsed fey Tsukamoto 
at al, Bloohemioal and Biophysical Research Communicator 1S1 (1988). pp. 25-31. In 11^ 
cs>nt©xt of ft® isresent Sfjvenfion, a TarmamyNiice alpha-amytese Is an afpha-enivlsse as 



in WO 9^19467 on page 3, line 18 to pags 6, Sine 2?. Confemp;3ied variants and 
me descnbed in WO 96/23674, WO §7/41213, and WO 99/19467. Contemp;atec 
smyiase defiwescl torn a stmin ofAspefgiHus fnciudes Asp&tgiHas oryzae aod Ai^wgilius 

esWuds TERMAMVf**' SC, FUN<SAMYL'»\ LiOUOZYME^ and SAN^« SUPSa 
Fungaa alpha-^mylases may be added in an amount of 0,001»1,0 AFAU/g D3, 
rj 0.002-^.5 AFAU/g DS, preferably 0.02-0,1 AFAU/g OS. 

$ ntsy Is© gdsSted in 0i¥@cy\^ amoytits well known to tho psf^on skilfed in 



DPi^ lhat can be nfretaboilzed by yeast, 8ie 
Th0 hydfol^sis is lyptcsOy dons 
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Chmr^ , 42{5)> 927-833, Asp^iSus acufeatm {WO ^/02044), or AspergSim oryim; and 
addic proteases fiWi Mucor pys/to or Mycor mfe/je^. Bacterial pmteses, whi<^ am rsol 
aodsc proteases, include the commerciaSy avaSabIs prodofife Alcalas^ a«d Neutrase® 
(avallabie from Novoz^es A/S). Proteas8<s) may in one embodiment be added m an amount 
$ of 10'' to lO'* gram active proleas© prot^fVg OS, \n pmikMlw to 5x10'^ gram aelsvs 
protease |>rcHaWg DS, 

mmmm 

optionally fdlowij-sg iiw fmrmMihn, ^ vtmh may be disUed io ast^et, f«»' 
10 fns^noB, ^ «thanoL In the case where fte and |»oduct fs ethane^, (^tainad acccsdirig lo the 
process of fha irwention, it may be used as. a-Q,. tdei ethane^; drinking athafK)i, such as, 
potable mutr^ si^rifcs; or Industrial othanol. 

atatpch Conversion 

IS Hie pesent ^vanto providas a meitKxf of us«ig glucoan-^se of the in^nion for 

producing giuoose arKJ tba like ftom starch* Gar^rafly. tie matbod IndisJes tie stape of partfaiiy 
li^tiroipln9 pfBcursor stands m the pnesarice of a^^rr^^asa and twi furtiier hydroiyzlng the 
raiaas© of D^^lucosa from tia non-^duclng ofids of the stardi or related oiigo- and 
poiysacctiarida moleojias In the pmsence of giucoamylase by deaving a-(1,4) and 

^ glucosidic bonds. 

The partial hydfoiysis of the precursor sterch ultlking a-amyiass provldss an InlM 
breakdowr~i of ttis starct^ moiecules by hydroiyzing internal a-{1,4)-iinkages. In commercial 
applications, the "fnlal hydrolysis using a-amylase Is run at a temperature of approximately 
A very high starch concentration is processed, usually 30% to 40% solids. The initial 

25 hydrolysis is usually earned out for five miiiutes at this iiilevated teniperaiturB, The partially 
i'rydJ'olysec starch can then be transferred to a secord iar.R ar d ^ncubaied for approjdrnatoly 1-2 
hour at a temperature of $5=' to 08'C to derive a dextrose equivalent {D.E,) of 1 0 to 15, 

The step of fudi ser hydrxtlyzing the release of D-glucose from the non-reducing ends of 
the slas'ch or related oligo- and polysacc^Jarides moiecuies m the preser^ce oi gKicc-emyiase is 

30 nomiaily carried out in a sep>arata fenk at a reduced ^3^■!perature bet^vBen 30^ and 

Preferably tf-se iemperature of the ss.;bstrate liqiiid is dropped to between 55" and 60"C, The pi-^ of 
tlie solutlori is dropped from about 5.5 to 6.5 to a rar^ge bety;een 3 and 6,5. Pre-ferabiy, tiis pH o? 
the soiutiori fs 4 to 4,5. The giucxsamylrsse is ixided to the solution and tiie reaction is earned out 
for 24-72 hmcs, preferably 36-43 hours. 

35 By using a thermostable glucoanr/iase sacctsanfication processes may be carded out at 

a isigher temperature th«n traditiorsai batci^ StfCctiarificatlori processes, Accadirsg to the snvsnlior^ 
saai^.ahfiaation may be c^irried out at tm^fafures in the rarKje frofm above dO-StPC, preferably 



63-75''C, This apply i.x>ih for tracitjonai batch prx3ce«§es (dsscrdxHl atove) and for coniinuous 
sacchanficafcn ^yocessss. 

Actually, continuous sacchariflcation processes hcludSng one or mote mernbtam 
separSiori sieps, le. filtraiioti sleps, rriusl be Cc^rriec^ out sX temperaiures or slK5ve 60""C to be able 
5 to frsaintah a reasonably high flux over Jhe niembrane oj" to minimize sTnicxobial contamsnation. 
Therefore, thermostab-le g!u!:x}amy!ases prowJes tlie possibility of carrying out sca^e 
continuous sacchanficatjof> processes at a fair price and/<x at a iov^r enzyme protein dosage 
within a pe?iod of isrne acceptat>i© for indtistriaJ sacdiarificalics^ processes. According to l^e 
inversion tfi-e sacfi^cuificiafiofi time may even be shortened. 
10 The giifcose yieid irom a typical saochanncalion trial with glucGarvyiase, acid anr>'i3se 

and puMuianase is 95,5-96.5%. The remaining carbohydrates. typic-aHy consists of maltose, 
1 ,5-2% isosY^'tose and 1 -1 ,5% hlghar ojigosacitarides. I'he cJisao^fiarides are producsd ssnce the 
gluooamylase at high concenirafcns of gluosse and high dry-soild levels has a tendency to form 
revemiiM prociucis> 

15 A glucoamylase with an increased specific act!\,% tovvards sacciiaddes p.^-esent in the 

solution alter liquefaction a-nd saccharides formed during sacchan'ftcation wouid be an advantage 
as a mduced enzyme protein dosage or a shorter process time then couid be used, in genef^l, 
ts0 gft«K3©f?Qlase fm a pnefei^rKJe ^cr S«bS^tes consisting of longer sacctsaiides wrpsmd to 
shc»t ch^n sacc^iaiides and Uie specific acivity towards e.g. maitohsptaos^ is th^t:^ 

W appro)dmateJy 6 Mm higher than tOfiA^artls «^lose. Mi inmased speafto adivity towards short 
chain sacdiaalttes sudi as maltose (wlthoi^ redudng th& ^d^immT4B oligosaccharides) wmM 
t^refe^B aJso permit using a low^ mzsftm dosaga and/or shatter process time, 

Funhemw®, a hi^er ^uoose yfeid can im dsfalned wlh a giucoamylase varlanl with an 
Incm^ed apia»1,4 hydroiytic activity (if the alphsh1,6 acuity is unchangod or even decreased), 

26 ^ficm & rseduced amount of snzjmie prc^eln Is !3$«-5g used, and aipl^1,0 reveJ^ion pmduct 
f«3fmate th^^fism Is <{ecmased ^ isomaSose). 

li^ 0ia3am^& of ft® fnwrition may be m&d In the pesent lnvemh« ptmem In 
coml^na&>n yMi m mz^rm that hydrolyzes only a>-(1,S)^uco^dlc bon<fe In nK)leaifes wl8i at 
least tjir glucos)^ residues. Pr^eferefityily, the gkicoamjfese of the fetvefiSon can be imd m 

m comt^netion with puilulanase or Isoamyfese. Tl^e use of tsoamylase and pullulan^e Ibr 
deteK^ing, the n^^eojlar propef^ of Si« enzpnes, and th© pc^tlal us© of t^s ^napnss wHh 
glimmf^sm is set Ibrih in QMA. vm Be^om et al, Starch Conversion Tedinology, ffec©! 
Omm New Yodt, 101-142. 

35 
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The presef>t invention also mtefes to nut^esc add constructs comprising 
erscoding a protean operabiy linked to a nucfelcacid sequence cwisisting of 
Of 8E0 m N0:1 encoding a stgnal peptide consisting of amino adds 1 to 18 of 
S whemln tlio gens is forsign to the nucfeic acid sequence 

The present invention also t^iates to recomtis'nant sxpfessiofi vectors an 



sting suc^ a reasmblnant tiost csS under c 



1 to S4 
ID N0:2. 



of tfie protein; 



10 and (13) n 



The nucleic add seciuer 
8nc6$. Such othes' contnoi 
The protein may be m 
tth^mintomfertoasped 



s to a host cftii. Thei< 
h c^ths encoded pnsduct and, therefisfe, « 
ttiete 

I product. The proteins < 
\ <rf partial or i 
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Forward donsng ptkrm ind. a aamHI-site; DC?f 1 {8EQ iD NO: 3): 



5' 

APCR 



s DCfFI ana mm, and the HWdoli^' BMm^ 
m PCR toler mix Reddyft^txf^, catno A80r$4, Abgene®, UK). Th© FCR product was 
a 1 % ^arme g^, and the PCR fi?agment bam! at 1876 bp was cut out from the 
^ usina a eFX^ PCR D HA a nd g hand p uHficsSon i?tt tmm A 
H). The PCR fr^msnt was then 



Th© A^>er^8!us expTSSsson vector pDAtt71 described below was cut with Xhai and 
BamHi at the same time, and was mm isolate from a 1 % agarose g^L The bar^d at 78S7 bp 
WM <M out end piaied using the Amei^ham GFXf« kit 
30 f^rlRsd vector arnJ PCR fragment mm ligated wtth T4 C 

Into E.coli XL1 blim cells- Plasmld DNA was ls<^ated from m 
El toe 
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and the Asperglikss ??^er amylogfycosidase {©rminater {Tamg) Also present on tfu? pfasmid is 
the A$0&gflias seie<^h,'€t martcsr 0md$ fmm Asp&rgiUae nidulam m^iing growth on 
acetamide as sole nHrogsn source and the URA3 mater 1rm\ Sacchsromyc&s c&r&vbiae 
emmng growth of Sie pyrF defective Eschenchm coff sirain DB650? (ATCC 35673). 
S Tramfon-flatlon into E. aoii D86507 using the S. cemvisme URA 3 gsns as sefeclive marker 
was done in the follovving ^.vay: £ co//DB650? was made ccanpeteni by ^ metlKXI of ^lajidel 
and Hsga (Mandel, M and A, Higa {1970) J. Uol Bid. 45, 154). Transformamts were selected 
on soikJ M9 meciur^i (SamiHOOk et ai (1989) Moiscular cloning, a iabcsrator^' manual 2. 
edltkJii, Coid Sprir^g H arbor L aboratory Press) supplerfjenled with 1 g/1 casarninoacids, §00 
10 i.tQi\ tNamine and 10 mQi\ kanamydn. HiePnaZ'tps promoter present on pCaHjS27 was 
subjecfed to sHse direcled mutagef^sss by a slmj^e PCH approach; the nudeotides 134 - 144 
warn alifemd from GTACTAAAACC to CCOTTAMTTT u^f?g muS^^nfc pilmer. ^arKl 
ntideoUde 423 - 436 were att^«d from ATGCSiATTTAAAGT to COSCMTTTAACOS using 
arsolttes' mutager^c prlm^. The resuming piasmld was tejimed p?4T 21S8. 

IS 

Constatctlon of the jrfasmsd pJat719 tock pfac© as foltows. 63S2 bp EcoRt- 
BmHi k^mmt from p?iST2168 stkI the 617 bp Ectrf?l~8amHi frs^ment torn pJalB78 vstee 
llgatad togeltor resulting In plasmJd pJaL719- 

20 The piasmld pJalT21 was corsstructed as foitows, Ptasmkl pJal72l IS a dsrivate of 

pJaiT10 whsrft part of fha NA2 promoter ftom poslikm 7 to S10 has bmn duplioatecS, 8y FCR 
a 638 bp DNA fp^^nent was ampisfied ftom pJtal676, purlfjed, and digested vMh the res^lclor^ 
endonudeases EooRI, msultlr^ in a S20 bp DNA fragm^t. Tile S20 bp DNA fraomeitt mm 
i*gat«d together v«8> the 6355 1^ E<»)Rt DNA fragment from pJal719, resulting In pla^M 

2S pJaL721, 

lh& piumM pCaHJ607wsis oorssffuded asfotlows. The ampidin reslst^qegene 
ffom pUCtS was inserted Mo 9w liRA3 gene In pyT2188 in suc^ a way that tie astipidli»5 
resfei^rice gene was flanked by Not I ^es» and so that the URA3 gene mM be maeated by 
30 exdsl$^ ttie ampldilin msistar^cs §em using HcA I Tlie ampidBin msistenca g«ne PCR 
amplified Cr^om pUO 19 using the PCR primers Amp 5' and Amp 3'. The 5* part of the URA3 
gene was amplled l^m pi^!T21$S us^ng Sie prfmef« URA SBnp S' and URA § 3' not, 
tbe 3' part of the URA3 gene \s«s atipirjed fmn pyT2ie8 using the primers iMA 3 5' not and 
URA amp 3': 

35 

an^ 3* <SHQ ID HO; 5): caaag^aoa*gggcggo(^{^ggatfittcaeGtagatec 
Amp S? (SEO ID MO: 8): cgtaaccltcatcgcggccgcatgtatcogt^catgagac 
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Ura 3 5' not {SEQiD NO: / s: 
URA 5 3= not {SEQ ID NO; S); 
URA amp 3' (SEQ iD HO: 9); 
URA amp (SEQ ID NO: 10): 



ggatctaggtga 



tcctgcggccgcccatgidctttg 



Thefonvied PCR fragments were fuse using the 
using im primers UR/k amp 5' and URA amp S the 



1 of the Asp^ius expression vector pOAun was 
1 vector pJaL721 was cut with Kspt 
digest wss on 1% agarose gei «ml me 65S8bp veotor 

pJsl?21 as fempiate was made using pdfmm DAuPIOS and DA«P108, 
sntheSsplsfto. 




DAuPIOS {SEQ NO: 1 1): S* g 
IS DAUP106 (SEQ ID NO: 12): 5* a 




r DNA sequ^Ke was then cior^d Into pDAu68 by 

, running the digest on a 1% agarose gal 
* om extraction kit A slufer DNA Iragment, also mt 
and Xliol, was then doned into pDAum, This 




s gene inserted in the URA3 ooding region was then cloned Into pDAu68 in 
^ yRA3 selection marksr and tha proflrjoter mgion MAS minus TATA^JOX, Th® i 
i was cut torn pCaHJ60? us»i§ Kml a 

was separated on 1% agarose gel and puMod mim DMA « 
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Jetsorb''^, ll^e piasmid pDAuSB steo cut mm Xcml and EcoRI and ptsntled ffom a =')b 
agarose gel using the Jetsorb^^ DNA ©xtmcJton kit. Th^ resulting imermedfate piasm$d was 
d pDAu70. 

The pnowter mim HA2 minus TATA-box was then cioned i)acl« Into pCJ^Ssym The 
pJat721 was cut vs^th EcoRi, the prwyoim region HA2 m^us TATA-box was 
i on 1% agaposs gel and punlled mmg ma DNA exiradion Jetsorb^^^' kit The 
j88 art with Bccm ami purM fram a 1% agarose gel 



3aG2 
A 



(SSD), 



r which Introduces a STOP-codon in th© A^G 



A POR amplfflcatfon wim cDNA imm4tm) of 
matte with m cloning prin^rs DCrFI {SEQ ID NO: 3) arKi the 
20 ID NO: 13), and the 

1 % sgmm and the PCR 1 
GFX^ PCR DMA and 90! band 




isrimer 240303P1 (S£a 
tmm Qlagen®, The PCR product was tested In a 
band was cut out ftom me g&l and purified using a 



of which is d 



06 l=eb 2003} was cut $m^i and BamHI at the same tlm©, and was mn mmd 1mm a 1 
% agarose §8l The barKJ at 78S7 bp was cut out and purfled using ths Amer^jam GFX^ Ml 

Furrted vector arsS PCR Ifagmant vs^ere llgated with T4 DMA iigase and tensfofraed 
Into Eco&'One Shof TOP10 (Invitrogen^**) ceSs. Plasmid DNA vwas isolated from m r#suling 



§0 ml sucmse media -s- 1 mi 1 y NaNOa + 10 mi of YPD (Shefman et ai., (mil 
35 i^femods in Yeast Benelics, Cold Spnng Haitor tabomtory) were Inoctilated with s|?or«s of A 
ri^f strain Hovv8112 (described In WO 90/28448 At) and Incubated with shaidng for stm 
24 houfB. The m^Mm was iiafvest&d by fcatton Ibrough mlf^doit and wmhed with 200 mi 
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Of 0.6 M MgSQ4. Tho myceiium was suspended in IS mi of 1.2 M MgS04, 10 mM NaM2P04, 
pH 5.8. The suspension was cooled m ice and 40 mg of Nowzytm''^'' 234 (Nox^o^ymes"'') was 
added. MerS min., 1 mi of 12 mg/ml B8A (S!gma-«« type H25) vvas added ami inc(i>ation wi^h 
sorilte agitation continued !or 1.5-2 hours at 37 degmes cefcius until a iarge number <^ 
S pratopiasts were visible in a sample inspected under Hie Jinlcrosoope. 

The su^iefjsioii wsib then ^l^ed through mirBcloth fsiter, ^J'se filtrate tjejnsf^ed to a 
sterile tube and overlayed with a n« of 0.6 sorbitoi. Csntnlugation was performed for 1S rmn. 
at 1000 O and the protoplasts wsre coilected from iHa top of the MgS04 cu^n, 2 voiunm of 
SO (la M sorbrtd, 10 mU CaCi2) werB added to the prt)fopSasf suspensfen atKi S^e mMur« 

10 was oentfifugated Ibr 5 min. at 1000 O. The protoplast pellet was resuspended in 6 mi of SO 
and repelieted. This was repealed. Finally, m protoplasts wero resuspended In 2 of SC. 

100 n^c^liters of protoplast suspension was mixed witi> S mio-ograms of DMA prep 
of A.mm Mm and 1 mlo«^fam of the setec^ionplasmld pToCao idescnised &i WO 
m nm A1) TM mls^ure was left at torn t^peratum for about 2S minutes, m ml of 60% 

IS PEG 4000 and 10 mU CaOZ is « 
room tsmpera&ire fcr 26 m 

(1966), Biochem, Biophys. Acta 113, 51-56) oanta&ting 10 U sucrose. pH 7 A 10 f 






by dissolving a OE 11 
h mVOTmE (Hovozymes A/S) in 
and adjusting the dtysoild m alter content (DS) to a r^f«xlm«t^y 30%, Tlie 
30 oxpeHments wero carried out In sealed 50mi biue-cap flasks frtted with ftiagns 
pH <^ me solutions were adjusted at the start of saccharifica^n, with the pH 
^. The 




AmmiGA nSAmiM 
DEXTROZYMe*« OA (benchmark) 3§7 AGU/g 
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ift bcMng water for 15 
diiufed to about $% DS ; 
by HPLC. Th& 

are given In tab^ 1 beiow. 



coarnyiase frtm A rolM gives a higher glucose ^ 



A.miM(5A 1,93AOU/ml 
DEXTROZYMKf^* <3A (benchmark) 3 S7 AGU/g 
PROMOZYME'« 02 {pul|:jlana<ie} 1480NPUN/g 




30,0 % V 
4S 
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DsxGA 


Promo D2 




Sai»p{$ no. 




AeU/g 


HPUWg 


A6U/g DS 






DS 


m 


1 




0.20 






2 


A, roifsi Profnozyrrie'^ D2_j 




0.3 


0.16 



Samptes were taken at set intetvais and heated in boiling water for 15 minutes to 
snsctsvate the enzymes. After cooiing, the sanipJes were dikmd to about 5% DS and fiitered 
5 {Sartodus MiNISART*'*' HUL 0,2 mteron), befcsre besng analysed by HPLC. Hie §iuco«e \me\s 
as a % of total sofubie carbohydrate are given in table 3 below. 



Sample ih>. 


24 hours 


48 hours 


72 hours 


1 






&b,9b 


2 


89.53 




96.46 I 



10 These r^jsuSts indfc^ate that wtien pursfiled giucoamyia$e from A is combined with 

puliuianase, a higher glucose yield cars be achieved than with the {^mmercial product 
DEXTROrsf'ME'** GA, even though the giucoamytase ccswentration {enzyme dossig^i) of tlie 
A roif&l pmp&fmon is imm than that of DEXTROZY^S^ 

15 Exampie 6 

Sacdiarification experimersts with A. ro/Mgiucoamytase with A.nigersilpM amylase 

SubstratevS for $accharificattor> were prepared as above and the sacchariflcaaon 
reactions carried out in sealed 50ml blue-cap flasks fitted with magneSo stitrers. The pH's mtm 
at aie star! of safxhartfication, witii tfis pH electrode <Xi!i^ted atH^ sacchaoBcate 
20 temperatufs. The foltowing enzymes and acSvities vs^rs used; 



Ar<Mm' GA 2.05 AGU/ml 

DEXTROZVy£^GA{benctunarH) 3S7A<3U/g 
A /i^acid ^pha amylase 6S.4 FAU<A)^g 

2$ 

m^n condi to 
Substrate concentration 

pH (Wtiat) 
30 En*?s«m dosage 



30.0%w/w<!nit}al) 
60'C 
4.3 

see labi© 4 below 
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AOU/g DS 


AGU/g OS 


AW' 


1 








2 






0.175 


0.042 








0.20 





Samples were t;ake;i at set intetvals and healed in boiling watsr for 15 niinutes to 
inactivate the enzymes. After cooling, the samp{$$ we diiuled to about 5% DS and fjitsre<l 
S (Sartonus MINISART'^' mi 0.2 micron), befom besng analysed by HPtC. The gfecos« levels 
as a % of total soluble caHsohydrate are given In the tabte below: 



g hours 
96.10 



^ In Ihe same gtucoai 
i! pradtict DBCTROmC^ OA, a ^. 
bDEXTROZyiV!g"««OA, 



If^amylase mHo as Is found 
f higher gtmsm yield carj be 



IS 



eT 

Thed 



n of the % de)toe {DX) value accortUng to the In^entkm Is done by 



20 by SoobeSS et aU Cereal Chemistry 64 (4), July-August 1977, j>ages 9O5»017, For this 
rsof 



as % (g /I QOg dry matter) as measumd by refractoflfjetfy. 
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1. A method of necosi^binantly producing a 
exjHBSSisig & poiyouciesotldo ^coding a 
3.2,1.3) in a fS^nentous fengai host ceii. 
sequence v«hfeh Is at feast 70% fdentel to 
M.) of ID HO: 2, 



said method ccrnprising me iUsp of 
having giucoamylase activliy {E.G. 



3 Shown m positions 19 to 471 (bo^i 



2. Tlie msthod 



to claim l,v 



3. The rmthod acasrtl^g to clato a. 
add sequence which is at least 80% idenHoal to the 
(l?othlnd.)ofS£QiDNO:2, 



sequence shown in position 483 to 579 



16 4. The method according to any of daims 1 - 3, w! 
^ $©qy$nce which is st l$a^ 80% kiehtlcal to tl 
|t)oih!nd4ofSEQIDMO:2, 



S.Ther 



3 to any of cJairm 1 -4,v 



of at least 2 amino acids. 



0> -me msttiod accoi^lng to any <^ claims 1 - §, v 



sequence which is at feast 95% identtca! to % 
inci,|{rf3EQIDNO:2. 



in positions 1 to 18 C 



a The mettiod accorsSnp to any of claims 1 - 7, 
30 add sequence v^<^ Is at least 70% Identel to t 



0. The m^iod according to any of claims 1 - 8, wherein the H 



itnSEOIDNO:2. 
ntous fer^i host celi is of 



3S 10. The method according to dalm 9, whemin tl 



i Is m A Bwamofi, 4. 
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11> THe f 



t according to any of ei^'ms 1 • 10, w^emin a subsequsnt step of reco^/sty 



12, A method for sacdianfying liquefied si$mh mmpmm tmalment of the iiciuefted s 
5 s^m a polypeptide having giucoamyias© actNiy <EC. 3^.13), whemin 

cjon^ffeas m mm add sequetics is at feast 70% ktentlcal to tte sequence srwn in 
pomm 18 to 471 {both incl.) of SiQ ID NO: 2, whereby a % dextrose <DX) vafoe «rf at test 
90% h ^\&m6 at 30% wAflf mm m fnatter) suhmm cmmnirmm 60«a th© m 



to mm 12, s 



5 Ihft sequence shown in posies 483 to 679? 



(both ind,) of SEQ ID NO: 2. 



15, Ttm method accor<ling to my of daSms 12 - 14, vs 
mm mM sequence vs^ich is at tea$t 80% kJen«caJ to H 
20 S70(botliir>d.)of$EQIDNO:Z 



In posited 18 to 



to any of Claims 12 -IS, VI 



2S 17, Then 



toanyofc^fms12-16.v 



10 claim 17, wherein ^ 
t 96% Identical to tha t 



1 to 18 {both 



30 Incl.) of SEQ ID NO: 2, 




U0 2<Hi.nit2i8 



scid sequence which is at teast 70% identica! to the 



21. The host celled claim 
(SBD). 

22, The tot ce8 of daim 21, vsi 
s@<|u©rtC0 wW<^ is at Seasi S0% Is 
incl)ofSiOIDHO;2, 



23< The liost cell accofdlng to any of ciairm 20 - 22, 
amino -ao^^i sequence vs^ich Is ai least 80% kfenilcaf to 9 
579 (both ind.) of 8EQ ID NO: 2. 



in positJoiis 19 io 4/1 



1 in positions 483 to a?0 1 bolh 



lnp<5site19to 



15 24 The h est ceS aca^<lB^ to a ny o f claims 20 - 2 3, whemin the polypeptide c 



^. The host cell according toanyof ciaims20- 24,whefeinth© 



2S. The host eel! aocorxling to oiaim 25. wherein me s 
sequence vMhich Is at laast 0S% IderJtfcai to the ssqu 
lfK?.)0fSEQIDNO:^ 



27. The host ceJi accortJing to any of dalms 2D - 26, v^hemin the 
amino mM rnqmnm ^kh is at least 70% kfsnticai to the sequen 
S78 {both ind.) of SEQ ID NO: 2, 



28, The host c^! acccrdlrtg to any of daims 20-27 whidi is of t^e ^©nus AspBr0m. 
20. The host c^i according to claim a which is m A. BW0mm A mym^, m A n^m. 



m 



30. of a polypeptide having gSucoamylase activity {E.C. 3.2 1.3) in a sta?c}u;of>version 
pm<m&, whemin the pc^ypeptlcte comprises an amino add sequence ^wich is at teast 70% 
mmcd, to t5« s^uenc© shows In positions 19 to 471 (both inci.) of SEQ ID NO; 2. 

S 31 Urn of a polypeptide having glucoamyiase activity (E.C. 3.2.1,3) in a continuous st3r^:h 
cssnvemlofi process, %vherein itie polypeptide comprises an mmo acid sequena? whici^ is at 
least 70% Mm%ml to the sequence shown in positions 19 to 471 (botri inci.) of SEQ iD NO: 2. 

32. Use of a poij^ticte havir^ giucoamyiase activity (E.C. 3,2.1 ,3) in a process for producing 
10 <^lgosaccliarkfes. wherein the potypapttde comprises an amino acid sequenca which is si ieast 
70% Id^tel, to the sequence mmn in positions n to 471 (boti^ inci.) of SEQ ID NO: Z 



3a ys0 polypeptWe having giucoam>4ase activity p,C. 3.2 J .3} in a process for producing 
spesMy symps, wherein the polypeptide comprises an Bmm acid seque??oe whidt is at least 
15 70% Identioai, to the sequence shown In positions 19 to 471 (both ind,) of S€Q ID HO; 2. 



Iteeofa 

snoltofuel or dnni^ : 

«^ is at least 70% 
il30thincl.)ofS£QiDHO:2. 





actyty (E.C. 3.2.13) in a pjtscess for p 

iuencevsihichisatteast70% 
19 to 471 (both ind.) of SEO ID HO; 2. 



<E.a 3.2.13) in as 



19 to 471 (both Ind.) of SEO ID NO: 2. 



37. Use of a po 



IvttyC&C. 3.2,13) In detett 



amino add sequence which Is at least 70% 
5 10 to 471 {130^ ind.) of SEQ ID NO: 2. 



- Use of a polypeptide hav^g £ 
ifch for ^(fimlon, wherein the p 
^st 70% identical, to tt 



tof 
IIS at 

5 19 to 471 (both Ind.) <rf SEQ ID HO: Z 



having giucoarayiasQ adivSty (E.C* 3.2.1.3) in fxmpm^ 

RpHses m amino ^ sequence whidi is at least 
In positions ia to 471 (both lrid<) c^ SEQ ID NO: 2. 



40. Use of a i5<^ypsptfc(e having glucoamyja^e adMty (EC. 3,2.13) in m 




v^chlsatieasl 
18 to 471 {both Ihd,) of 8e2 10 NO: 2. 



!ChlsatlO8stT0%l< 
s 19 to 471 {both pd.) of SEO ID NO: 2, 



s acti^ty (EC. 3.2.1,3) In tio product of pot 
no actd sequence v^ich Is at least 70% 
n In poattJons 1§ to 471 (both Ind.) ot SEO ID NO: 2. 
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<S.20> ?set&o<a for s>rodaci«0 slucosjsjj'iases &M their tis« ia 

<im> 13 

<i?0> S^atentla version 3.2 

<210> 1 

<z%z> im 

<3a5> Mb«Xia rolfsii 



<22i> cm 

<22«> 

<221> CDS 

<222> (284) . . iZU} 

<22I> Xsitsrosx 

v-232> I3SS} , . 1410) 

■s221> raisc^feature 

<222> (3«7) , , (3S7} 

<22S> JJueI«oti<$e within isfersm ~ any uacsXsotM©. 

<221> fflise feafcuras 

«222> m2). . {5S^) 




<220> 




CDS 




(771) S'S3S) 



<22i> cm 

<223» {32<^) , , (386) 
<220> 

<22X> Xntron 

<222> {367) . . (1.058) 

COS 

<222> (1055; .. {1331) 

» l»fcrca 
<223> iI332) . , {MOS) 

<220> 

<222> U7M)..{17S7) 
<22l3. CDS 

<2SS> ft78a) . , <1»S8> 
<230> 

<220> 
«221s- Ci>S 

<222> {saiai) , . (loM) 

«321> XJiSi'oa 

<322» (211?) , , (2173) 

<22&> 

<a2i> cm 

<Z22> car?*) (2325) 

<;4&o> I 

afeg ttt <3gt fcoa etc otg gcc ttg §ct gcg t^t; gca gtc gcc tct gta 4S 

P'hs Mrg Ser Ls« I.tu Als X>«« Ma Ala Cys Ma Vsl. Ala Ss^r Vai 

i S 10 IS 

k;«s ^c® cag tcfc gcg tcS; sfcgi acs gca tat ctt ace a&s s&& tct gca M 
S^r Gir So la Sar Ai& Thr Ala Tyt Lavx Tjir L Oiu Ser Aia 

20 25 3 0 

■?t' v^dt: o„ „ L ^-c asv. iit qqt ^ mC i.? '^:sa r:?- <!-q -544 

^^-x I<>i, ^s. ^' ^y.. C/e .Ua ii« <3„^ .-.m s> ?k t 

3S 40 453 

t*.^ siE«c cov tat aao qqt att qt^ a'.c cs rcl tct aa, get l^'^ 

Ser siu «ly 'X^ys: Sar Qly Xl& VaX ll& his. Ser Pro Se-r Lys Thr 
SO 5S SO 
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age cct 3&C tat etc fe gtgagtatta ttfegtaaagt agcsteaetg atagtae&tfc 348 

B<sx: WiX> &jsp Tjrr hmx 

m 

ttcfcgagttc tftkacaacc «t00t:at:feafe aatag at &cc tgs act cgc g«c 300 

Tyr T&r Trp Thr teg 

7S 

teg teg etc gsrc ttc ^''^9 ^^f-f «ff J-^" f^sf? tsc acfa a&t ^0<? <?ts M§ 
Ser Ssr Vei"i whe j.ysj M«-t L.?u XJe Asp Gi.a Tyr ^lur Asn aXy 
SO 8S SO 

gat aeg gtat0t^c:a fecngcgfcfcco ggct<;^r«<st<s askStg&fc^aa ssfefegatgtfe *<S4 
Asp fhr 



tcfetsg «.ca ctcj c-gc aot: etc «tt «ac gag ttt gcc fccfc cicg gaa gcic 4S2 
Thr i.<«nj Arg Thr i,<?u ile Asjp Glu Vhe Vai Sar A.la GIu ill* 

acc att cas cas acc &st aac ccs fcct ggfe acc gtc ccv acjc ggfc ggt SOO 
Xiii: lie «3X» Thr Ser A$» Ser Qly Thr Val Sar "rto Qly Sly 
lie lis xsa 

etc sgc gaa ecscs «sa fcfcc aafc ate gac g®0 acg gea fctt acg ss<? scfa 
Sly Slu Pro i*ys Ph© Asji SXe Asp Glis -Sto Ma Ptee 'Thr aXy Ala 
125 150 13 S 

tss e§t gtaagcfcacc aatac&caafc <5saaatcsac catctgt&tt S37 

^rE> Oly arg 

1.40 

tactatctat aatttcfeag ccc caa c^t gat ggt c«c gcc cfcc cgfc gcs acs 649 
J?ro tsia Arg Asp Oly Pro Ma Ar^ Ala Tfor 

14S ISO 

0ca ate atg acc tat gcg «cg tat cfcg tsc aac aat. ggc aac act tec S.^*? 
Ma lie mt Thx Tyx Ma Thr "Tyr i«« ^/r Ask Mn Sly Asa. Thr g«r 
ISS ISO 165 

fcssc gtg aoc aac acc ctt «gs ect «*« *tO a«S CfcC g»« «tt gac tat ?*S 

■tyr val T.br Asn Thr r.ssu Trp Pro lis Xie l*ys t>mk Mp h&u Aap lyr 
■r?o 175 180 18S 

9tc aac teg g&c tgg aac cag acc a gtaagcgaat ttctaggggg 7Sto 
¥al Asa Sar Asjj Tk|> Mn Oln Thr 

aettatctaa aac«gcatat tcaaccagt^ aata^ eg ttfc gac etc tgg gaa 842 

ISjr Phe Asp Lsa Trp <3iu 
l^S 

0aa gtt ga<s teg tct tcfc ttc ttt a«g act gcc gtt cag cac cgt get 
<31u V^al Aap Ser Sear Ser Pha »he Thr Thsr Ala Val Gin His Axg hla. 
SOO 20S 2X0 21S 

Ctt gtt cag g0C gca gcc ttt get anc etc ate ggc c^aa act teg zcn 
hm Val Qla Qly Ala ^SiXa PKe Ala Thr Leu II* Gly Gin Tki: Ser g*sr 
-320 22S 33<S 

get teg act tac tec gcc acg gcc cct age afct etc; tgc ttc ttg csg ms 
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235 

y^-<*3«taaK aaccjtttctsi tstavJtfcgqt ft:;tccccld aaatj-gaaat fcgacafcaU^ :<>-if- 

gcgafcccaat tat tact fcgg aac aac gga fcsc tgg &cg gcc aac ace 1C>&7 
Bex fyx Trp ^^sr* Thr Ask «.ly T^'r Trp Thr AI& &Sfi Thr 
350 255 2«0 

.Ht o^.^ <,i^.i ."J. -cr C5<5c aa<: qac yv.c a. r ^cj -^ta c„c got tct strc: 1148 
"Is a^Y i^Iy Arg c:!^- tjy>. a^sp Ale -"hr ii« ^ &er a„s 

265 370 275 

c»c sc« ttt 0^- '^'^c *?cc: g^c tgc tct get qcc acq tct cas cc<^ IISZ 
Ms T:u- FJse >'^p *tor rift Sly Cyss Ser AU Ala S&r Gin Pro 

£f« tcfe s«c sta gca ttq gcc sac ctg aag gta tac gtt gac tct ttc sa^i 
Cy^ Sex val Ala Lau Ala A»a I^ys V&l Tyr Val Asp Ser Pk« 
295 300 SOS 

«0t «gt att tafc acg sto aac age ggt; att tec feet acc teg ggfc gfcfe 
&5r0 Ser Xi« l^r -JiJir Ila Asa S&r Sly XXe Ser S«r Ttor Sar Oiy 
3X0 31S 320 

gcfc act sgfc ego t&c ccc g^ia gafe fecg tat fcac aat ggc aac X331 
Ma 'Thr Sly Arg Tyr Pro dlu A^p Ser Tyr Tyr A«tj Sly Asa 
m S^O 

gtaegfeattt atetaa.fcfcfct tccasgaca^ fceaasgttta t^fefecatctg eeeeetfettiS 13 

cct^taeatt eaaastag ccc fegg tae etc tgc aca etc gee gtc gcc gag 1442 
Fro Trs» OCi-r cys Thr I.6Vi i^la Ala Clu 
34C 34S 

cag etc tafc gat get eec ate gta tgg aag get gcc ggg g^sg etc aa« 14^0 
«la Tyr Asp Ala ll« val Trp Lys Ala Ala <Sly Olu Lau Asa 
sss a^O 3SS 

0tc acc tee gfcc teg etc gcg tte ttc cag caa ttc gac teg age ate 1S38 
Val Thr Sei- Val s«r l»eu Ala P&a Phe Gir. Gin PJie Asp Ssr Sasr Xie 
S?0 37S 3S0 

aco gcc 350 acit tac gcc tec teg fc«g age gfea tac act t«:g etc ahe 1586 
Tisr Ala Gly Thr Tyr Ala S<&r Sss: Sar Sar Val Tvr Thr Ssr Tie 

Let gac! acc cag «c« fcuc gca gac gag ttt gtt g«c jatt; gtr. gcc aag i«j4 
Ssr Asp lis OXji Ala £*iia Ala Asp SXu Phs Val Asp lie Val Ala Lys 
400 405 410 

tac acg cct teg tot gge ttc ttg tct g^g cag feat gat aag tec acg as82 
^S^j^'T Thr &m Sey Ses- Sly m« h&u ig«r <3la Tyr Asp S^ya S«i: thx 
420 42S 

ggft get cag gat teg get get aac ttg act fe gtaagtcatc featttgfctca X733 
aly Ala MK> Ser Ala Ala As» X««a mr 
430 43S 

ttcfeafttcefc fctteasaaaa aaaagtgafcg etaafegattt teg^cgga&a e«a€f gg 17$9 

Trp 
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fccc fcat 9C>t get get afec sec <jct tsc c«.a gi-c cac sat sg« tfee aaa 
S«r Ti^r Ma Ala Ala. lie Thr Ala -Eyr Sla Ma te^ Asn Qly Wim Thr 
44S 450 4S5 



ggt get fees tgg ggt ^ct sag gga gtt tct scic tec tgc teg act ggt 
Sly a^la. Ssr 'iXp Oly Ai& hys aly VaX Ssr Thr Ser Cys S«r ^hr Gly 
460 4^55.; 470 

get aca ase cog g^t ggc tec teg ggt agt g&g 0fcc set ttc ga« 
Ma !!!kr Ser Fna Gly Qly Sec Ser Gly aer V»^3 Sl« v^^i fhr m« 



47S 



gtfc fcac ^ct «cc aas gta fcat 
mi Tyr M« Tfcr ^» Val 



Qln lie 

soo 

n« Thr my Asp Va.1 Ber QlM. hm. Qly Asr; l-rl Thsr J>so Ixa Mn Ify 
SOS SIC SXS 

0tt etc tct tofc get aac tao ccc acc tgg agt g gt^iagttgac 
¥ai Ma Jsexi Sm: Ser Ala Asn Tyr Pro Thr Trp Ser 
SaO S2S 

actfcaccagt atjcttgacag acafefogatat tgactfcccgc &&t&c&3' cc aca afec 

S^Xa l^iir Il« 

S3S S40 S4S 

my B^x thz Val Il« Txp Qln Mp Ms Xl« S«r Asa Arg ^Xu XXfe «v)r 
SSO SSS S60 

acg i^'-c gcc sgc ggc ac;& fc&c sec gaa «aa gao act tgg gat; gaa tet 
r>5r Pro Ala Ser Oly Tbx Tyr Tbr 01u X»ys Mp thx 7£p Assp Ser 
S6S S70 57S 

taaact^ctg &acf;tgaac:g gcttgcaaata gcgastgg 



B&s Ms Sis SesT Ala Ser Ala mr Ala Tyr Imx I'fer 
20 2S 

Yal Ma £.ys Ass aiy V&l C>^s Ma my 

Ser Ala lyr Sar <3ly xie Val lie Ais Set- 

So ss m 

S«r &ax» Asp lyr i<@u tyr ifJxr Tip ^ Ajrg Mp Ser 



<31» aiy Cys H<st 



t ^ro Sesj <31y Thr Val S«r Thr Sly Oly hmi Oly Slu Pro I 
XX5 X2« X25 



s Asa Xi« ®lu Thx Ala Phe thr Sly Ala Tsep Sly Arg ;?ro < 
ISO us t40 



Aig Asp Oly Fro Ala Arg Ala fhr Ala lis mt thx tys Ala tbr 

ISS ISO 



Tysr hm Tyr } 



I Trp aiu 01m val Asp Sss ger 0«r Ph<& Phs Thr 



r Ala h&M vsi <3I» Sly Ala Ala Phe Ala, OShr 
2iS 230 



lie Sly ais mar Ser Ser i 



r -tyr Ser Ala 'ghr Ala ?ro 
33S 240 



ser tX« Cyss Pit® £>ftu ma Ser Tyr Trp Asa Thr Asn oIy Tvr Trp 

a4S 2S0 " 2SS 



r Siy Giy Qly Ar^ S®r 01y J^ys Asn TJir lie 

> 2m 270 



t Ser Xl« His Tto Ph® Asp Ma S«r Ma aly Cj^s g«sr Ma i 



' 01y val Ma mr Sly Asg ^ysr Fro aiu Asg* 
32S 330 



B&r fyx: 1?jfr As» 
335 



Sly Ag:» Fsro Trp I'yr i*«u Cy» fhr x^u M« Val Ala aivs 81» l^u Tyx 



hsp Ala II© vaX Trp Ly« Aie Ma <3Iy Olu Asn V«l *rfar Ser 



i Ala Asp CItt V&l Asp Il« V«I AX« I,ys Tyr 'Shr Pro 



Asp Ser AXa Ala Mn h&xx rhv Txp 0er ^ j 
S3S 440 



, II& Thr M« 



Tyr Oln M& Arg Assa «iy me Tfer <?iy Ala S«r Trp My Ma l.yg GXy 



Val Ssr Sasr Cys Ser I^iur Sly Ala ir3sr Ser 3>ro Oly Gly Ser 5 
4«S 470 4'?S ^ 



Gly S&r V&l Qlu %%l T&r Asp Val Tyr Ala rhv Ttxr v&l ivr o.ly 
4«S 4S0 



t hm 11« 'Tyx Xl8 irhr Sly Asp Val S«r Qln X,«$i sly Asu Trp Thr 
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Fro Ala Asa Sly ¥aX Ma Le» i 
SIB i 



I mn Tyr Pro Thr Trp &'ar 
S2S 



• n& Ma X*«« ^ti> Ala Tkc Titr lie Gl» 'Syv hys 



II« mp Sly S«r T?!sr Val XXe Tirp Gla A«s> Ala He S«r 



<213» Artificial i 



<210> 4 



wo iM#yi21« 



<2X0> 7 



-iSlSs' Artificial i 



<223> 
<400> 8 



<211> IS 



<4m> 12 





X3 






<212> 








<220> 










3.3 



ag'gcscccccic ggctagggga gagcgstc^t agcactc 



